To address questions of whether endogenous BDNF acts differentially on inhibitory and excitatory neurons, and through what routes, we used chimera culture of cerebral cortical neurons derived from BDNF؊/؊ mice and another type of transgenic mice that express green fluorescence protein and BDNF. Presynaptic BDNF transferred to both types of neurons, GABA-synthesizing enzyme-positive and -negative neurons. The latter neurons were confirmed to be glutamatergic with immunocytochemistry. Dendritic development of the former inhibitory neurons was promoted by endogenous BDNF transferred from presynaptic, excitatory neurons. In contrast, dendritic development of excitatory neurons was not related to the presence or absence of presynaptic BDNF, suggesting that BDNF acts on inhibitory neurons through an anterograde, transsynaptic route so as to promote dendritic development, whereas this is not the case in excitatory neurons.
Introduction
Brain-derived neurotrophic factor (BDNF) is known to play a crucial role in development and plasticity of neuronal circuits in the CNS (for review, see Thoenen, 1995; McAllister et al., 1999; Bibel and Barde, 2000; Poo, 2001) . In addition to actions on dendritic growth of pyramidal neurons in visual cortex (McAllister et al., 1995 (McAllister et al., , 1996 (McAllister et al., , 1997 Horch et al., 1999) , BDNF has been reported to regulate development of inhibitory neurons containing GABA in the brain. For example, BDNF promotes the phenotype differentiation of GABAergic neurons in hippocampus and striatum (Ip et al., 1993; Nawa et al., 1993; Mizuno et al., 1994; Marty et al., 1996; Ivkovic and Ehrlich, 1999; Yamada et al., 2002) , facilitates dendritic development of hippocampal GABAergic neurons in culture (Bartrup et al., 1997; VicarioAbejon et al., 1998) , increases the density of inhibitory synapses (Marty et al., 2000) or the size of inhibitory terminals (Bolton et al., 2000) of hippocampal neurons, and plays a role in activitydependent regulation of inhibition at cortical and hippocampal synapses (Rutherford et al., 1997; Tanaka et al., 1997; Frerking et al., 1998) . Furthermore, depletion and overexpression of BDNF in transgenic mice impairs dendritic growth of cerebellar Purkinje cells (Schwartz et al., 1997) and accelerates maturation of GABAergic neurons in visual cortex , respectively.
Because these results were obtained with exogenously applied BDNF or with the nonphysiological level of BDNF, however, an important question of whether endogenous BDNF in the physiological condition exerts such an action is not answered yet. Also, a route through which endogenous BDNF acts on inhibitory neurons is not clarified, although glutamatergic or catecholaminergic neurons were suggested to be a source of BDNF (Nawa et al., 1995; Altar et al., 1997; Marty et al., 1997; Fawcett et al., 2000) . Furthermore, another question of whether endogenous BDNF acts on inhibitory neurons in a different way from its action on excitatory neurons has not explicitly been answered yet.
To address these questions, we took an advantage of neurons derived from BDNF knock-out mice, because in these neurons one can detect an uptake of endogenous BDNF from other neurons of wild-type mice if both types of neurons are cocultured. In this preparation, however, it is practically difficult to differentiate neurons of knock-out mice from those of wild-type mice, because BDNF can be transferred from cell to cell. To overcome this problem, we prepared a mixed cell culture with another type of transgenic mice in which all the cells express green fluorescence protein (GFP) (Okabe et al., 1997; Fujikawa et al., 2000) . In this chimera culture of neurons prepared from the different types of transgenic mice, we could unambiguously identify neurons having the potential to express endogenous BDNF with GFP tag and those lacking the potential under a fluorescence microscope. Combined with immunocytochemistry with antibody to GABAsynthesizing enzyme, we found that GABAergic neurons require BDNF of presynaptic, excitatory neurons for development of their dendrites, but excitatory neurons do not require such presynaptic BDNF.
Materials and Methods
Chimera culture of neurons. Neonatal GFP mice (C57BL/6; provided by Dr. M. Okabe, Genome Information Research Center, Osaka University, Suita 565-0871, Japan) and mice (C57BL/6; provided by Regeneron Pharmaceuticals, Tarrytown, NY) that were confirmed to be BDNFϪ/Ϫ mice with genotyping were anesthetized with ketamine (Ͼ30 mg/kg, i.p.) and then killed by cervical dislocation at postnatal days 2-3. Genotyping of neonatal mice was performed in the same way as described previously (Itami et al., 2000) . The experimental procedures met the regulation of the Animal Care Committee of Osaka University Graduate School of Medicine. Neurons derived from BDNFϪ/Ϫ and GFP mice were cultured on the same glial feeder layers that had been prepared previously from BDNFϪ/Ϫ mice. The density of GFP and BDNFϪ/Ϫ neurons were 25-50 cells/cm 2 and ϳ1000 cells/cm 2 , respectively. The detailed method of culturing neurons was described previously (Kohara et al., 2001) . All experiments were performed 14 -21 d after plating. In part of the experiments, anti-BDNF antibody (30 g/ml; Promega, Madison, WI) was added to the culture medium at 2 d after plating to neutralize endogenous BDNF.
Injection of plasmid cDNA of DsRed or Neurobiotin. In part of the experiments, plasmid cDNAs of DsRed (DsRed-Express; Clontech, Palo Alto, CA) were injected into the nucleus of neurons through micropipettes at the concentration of 1 g/l to trace axons of the neurons under observation. Axon terminals of injected neurons were visualized, as reported previously (Kohara et al., 2001) . In another series of the experiments, 10% N-(2-aminoethyl)biothinamide hydrochloride (Neurobiotin;Vector Laboratories, Burlingame, CA) in PBS was injected into neurons through micropipettes. Neurobiotin was visualized by NeutrAvidin conjugated Alexa 350 (1: 1000; Molecular Probes, Eugene, OR).
Immunocytochemistry. For immunocytochemical staining, neurons were fixed usually with 4% paraformaldehyde (PFA; Sigma, St. Louis, MO) and 4% sucrose in PBS, pH 7.0, for 30 min at room temperature. For analysis of dendritic morphology, neurons were fixed with 4% PFA and 4% sucrose in PBS, pH 7.4, for 20 min at room temperature. The cells were incubated with PBS containing 0.2% Triton-X (Sigma) for 1 min and blocked by 10% goat serum in PBS for 1 hr at 37°C. Then, anti-MAP2 monoclonal antibody (isotype:IgG1, 1:250; Sigma), anti-synaptotagmin monoclonal antibody (isotype:IgG2b, 1:200; Calbiochem, San Diego, CA), anti-GAD65 monoclonal antibody (isotype:IgG2a, 1:1000; Chemicon, Temecula, CA), anti-BDNF rabbit polyclonal antibody (2 g/ml; provided by Dr. R. Katoh-Semba, Institute for Developmental Research, Kasugai 480-0392, Japan) (Katoh-Semba et al., 1997 , 2001 ), anti-GFP chicken polyclonal antibody (1:1000; Chemicon), or anti-GFP rabbit polyclonal antibody (1:1000; Molecular Probes) was applied for 2 hr at 37°C. MAP2, synaptotagmin, and GAD65 were visualized by isotypespecific secondary antibody conjugated with Alexa 350 (1:200; Molecular Probes), Alexa 546 (1:2000) , and Alexa 647 (1:200). GFP and BDNF were visualized by anti-chicken secondary antibody conjugated with Alexa 488 (1:1000) and anti-rabbit secondary antibody conjugated with Cy5 (1: 200; Chemicon). GFP has its own fluorescence but it is gradually fading during observation. Once GFP is immunocytochemically stained with anti-GFP antibody, however, the fluorescence does not fade so quickly. Therefore, immunocytochemical staining of GFP was necessary for observation of neurites of neurons. Fluorescent signals were observed with a 40ϫ/1.3 numerical aperture oil immersion objective (Plan Flour; Nikon, Tokyo, Japan) attached to an inverted epifluorescence microscope and captured by a cooled CCD camera (C4742-95; Hamamatsu Photonics, Hamamatsu, Japan). This system consisted of 1024 ϫ 1024 pixels, each of which corresponded to 0.17 ϫ 0.17 m with the 40ϫ objective.
Filters (UV2EC, B2EC, and G2EC; Nikon; XF110; Omega Optical, Brattleboro, VT) were used for four-color immunofluorescence detection. Fluorescence data were analyzed further with an Aquacosmos system (Hamamatsu Photonics). In part of the experiments, a confocal fluorescence microscope (E600FN; Nikon; Radiance 2000; Bio-Rad, Hercules, CA) was used to obtain thin-sliced images of stained neurons.
Measurement of fluorescent signal. The fluorescence intensity of BDNF was measured on a square window (30 ϫ 30 pixels; 5.1 ϫ 5.1 m) placed on the soma of a neuron under observation, and the mean fluorescence intensity of 900 pixels was calculated by subtracting the noise of the CCD camera system that was detected in the complete darkness. The window was placed randomly on the soma in the blind condition, i.e., the window was placed by an experimenter who had not seen any BDNF image of the neuron, and then the fluorescence intensity was measured automatically by the Aquacosmos system. As control, the soma of another neuron that was not contacted by GFP-positive terminals was randomly selected in the same culture dish. The intensity of fluorescence in such a control neuron was calculated in the same way as above. Because the soma of control neurons had some background fluorescence, its fluorescence intensity was expressed as 100%, and that of test neurons was normalized to this value.
Analysis of morphology. After immunocytochemical staining, neurons, the dendrites of which did not overlap with dendrites of other neurons, were randomly selected from the same dishes. After having recorded fluorescent images, neurons were incubated with anti-mouse IgG1-conjugated biotin for 1 hr at 37°C. Then, an ABC kit (Vector Laboratories) was used for visualization of MAP2. Neurolucida (MicroBrightField, Williston, VT) attached to an upright microscope (E600; Nikon) was used for drawing dendrites of neurons. The quantitative assessment of dendritic morphology was done with an analyzing software, Neuroexplore (MicroBrightField).
Results

Transfer of endogenous BDNF from presynaptic terminals to postsynaptic neurons
We prepared chimera culture of cortical neurons from homozygously knock-out mice of BDNF gene (BDNFϪ/Ϫ mice) and from GFP mice (Fig. 1 A) . In this culture, GFP-positive neurons are expected to have the potential to express endogenous BDNF, whereas GFP-negative neurons are not. In fact, we confirmed that the former neurons expressed endogenous BDNF in a punctuated manner in neurites ( Fig. 1 B, C) , whereas the latter neurons did not have any sign of endogenous BDNF ( Fig. 1 E, F ) . Such a GFP-negative neuron became visible by immunocytochemistry with antibody to MAP2, which is a marker of somatodendritic region of neurons (Fig. 1G) .
To identify GABAergic neurons, we stained neurons with antibody to GAD65, which is known to be a synthesizing enzyme of GABA in presynaptic terminals (Erlander and Tobin, 1991) . With this immunocytochemistry, we could unambiguously detect GABAergic neurons. Then, we found that endogenous BDNF transferred from presynaptic terminals to postsynaptic GABAergic neurons. An example of this finding is shown in Figure 2 . As shown in Figure 2 A, axon branches of a GFP-positive neuron (BDNFϩ/ϩ), the soma of which was outside the frame of this picture, made a net-like terminal arborization, which surrounded and contacted a MAP2-positive neuron (red). This postsynaptic neuron was confirmed to be a GABAergic neuron, because the immunoreactivity to antibody against GAD65 was clearly seen in its cell body ( Fig. 2 B, arrowhead) . As shown in Figure 2 A, this neuron was GFP negative and, thus, judged as derived from a BDNF knock-out mouse. In Figure 2 B, neurites containing GAD65-positive puncta or varicosities were seen around the soma of the GABAergic neuron. These neurites were judged to be axon branches of this and other GABAergic neurons, because they were not stained with anti-MAP2 antibody (Fig.  2 A) . The superimposed picture in Figure 2C indicates that GFP-positive axon branches were GAD65 negative and, thus, not GABAergic. In Figure 2 D, E, it is seen that BDNF-positive puncta were located in presynaptic axon branches. Also, we found that the soma of the GABAergic neuron contained BDNF (Fig. 2 D , E, arrows) . This suggests that endogenous BDNF was transferred from the presynaptic, GFP-positive axon branches to the postsynaptic GABAergic neuron, because this postsynaptic neuron was derived from a BDNFϪ/Ϫ mouse and, thus, should not produce endogenous BDNF by itself.
There is a possibility that BDNF signals that were detected in the soma region of neurons might be located in the pericellular space that was foreground or background of the soma. To minimize such a possibility, a very thin section (1.2 m thick) of image was obtained with a confocal microscope in part of the experiments. As indicated by arrows in Figure 3B -D, BDNF signals were seen in the soma of a postsynaptic neuron. Also, it was seen that the BDNF signals in the soma were not overlapped with GFP signals, whereas those in neurites were mostly overlapped ( Fig. 3C,D) . These results confirmed that BDNF was present in the soma of the postsynaptic neuron.
To quantify the transfer of BDNF to postsynaptic neurons, the intensity of fluorescence was measured in the soma of the neurons that were contacted by GFP-positive axon terminals (Fig.  2 F, insets) . As control, the soma of another neuron that was not contacted by GFP-positive terminals was randomly selected in the same culture dish. Because the soma of control neurons had some background fluorescence, its fluorescence intensity was expressed as 100%, and that of test neurons was normalized to this value. The mean fluorescence intensity of the somata of 10 GABAergic neurons that were contacted by GFP-positive axons was 135.0 Ϯ 8.5% (mean Ϯ SEM), which was significantly ( p Ͻ 0.01; unpaired t test) larger than that of the seven control neurons (Fig. 2 F) . This indicates that the postsynaptic GABAergic neuron contains endogenous BDNF that has probably been transferred from GFP-positive, BDNFϩ/ϩ presynaptic axons.
There is a possibility that BDNF detected in the soma of GABAergic neurons might be transferred retrogradely from a GFP-positive neuron. To test such a possibility, we visualized 6 GABAergic neurons with the method of direct intranuclear injection of plasmid cDNAs of DsRed fluorescent protein (Kohara et al., 2001 ) and another 10 GABAergic neurons with the method of intracellular injection of a tracer, Neurobiotin. With either method, we could trace axons of the neurons until their terminals. Because we did not find a notable difference in visualization of neurons between these two methods, the data were combined. Altogether, six neurons were contacted by GFPpositive afferents. Axon terminals of three neurons contacted GFP-positive, excitatory neurons, and the other three did not. Ten GABAergic neurons were not contacted by GFP-positive afferents. Axon terminals of five of these neurons contacted GFPpositive, excitatory neurons, and those of the other five did not. It is to be noted that the former five neurons that had the possibility to receive BDNF only through the retrograde route did not have detectable BDNF signal in their cell bodies. To quantify these results, the background fluorescence intensity of the soma of the former five neurons was compared with that of the latter five neurons that had no possibility to receive BDNF through either route. The mean fluorescence intensity of the former neurons was 95.9 Ϯ 4.1% of that of the latter neurons. The difference was insignificant (unpaired t test; p Ͼ 0.05). Thus, these results suggest that the possibility of retrograde transport is negligible in our preparations, although we cannot completely exclude such a mechanism.
An intercellular transfer of endogenous BDNF in the anterograde direction was detected also in GAD65-negative neurons that were most likely excitatory neurons. In part of the experiments, neurons were immunocytochemically stained with antibody to phosphate-activated glutaminase, which is glutamatesynthesizing enzyme in the transmitter pool of cortical neurons (Kaneko and Mizuno, 1988) . We observed that all of the GAD65-negative neurons were reactive to this antibody, indicating that GAD65-negative neurons were glutamatergic neurons. The mean fluorescence intensity of the somata of 16 GAD65-negative neurons that were contacted by GFP-positive axons was 154.8 Ϯ 16.3% of that of another 14 GAD65-negative neurons that were not contacted by GFP-positive axons. The difference was statistically significant ( p Ͻ 0.01; unpaired t test). These results indicate that presynaptic endogenous BDNF transferred to both inhibitory and excitatory neurons.
Then, we tested whether BDNF actually exists in presynaptic axon terminals. For this, we stained neurons immunocytochemically with antibody against a presynaptic marker protein, synaptotagmin (Fig. 4 E) . Some BDNF signals were localized in GFPpositive axons, so that they appeared to be yellow puncta (Fig. 4C,  arrows) . As shown in Figure 4 F, such clusters of BDNF-positive puncta were mostly colocalized with synaptotagmin-positive presynaptic terminals.
Promoted growth of dendrites of GABAergic neurons by presynaptic BDNF
To assess actions of endogenous BDNF on postsynaptic GABAergic neurons, we quantitatively analyzed the dendritic morphology of neurons that were derived from BDNFϪ/Ϫ mice. As shown in Figure 5 , the dendritic morphology of neurons that were immunoreactive to anti-GAD65 antibody (Fig. 5 B, E) was visualized by immunocytochemistry with anti-MAP2 antibody ( Fig. 5 A, D) . The neuron shown in Figure  5A was contacted by GFP-positive (BDNFϩ/ϩ) axon terminals, as shown by yellow puncta in Figure 5C , in which the picture stained with anti-GFP antibody (green) was superimposed with that with anti-synaptotagmin antibody (red). The neuron shown in Figure 5D was contacted by GFP-negative axon terminals that were shown by synaptotagmin-postive puncta ( F). In Figure 5 A, D, it is obvious that the GABAergic neuron contacted by GFPpositive (BDNFϩ/ϩ) terminals had much more abundant dendritic branches than the other neuron contacted by GFPnegative axons (BDNFϪ/Ϫ). The total picture of dendrites of another pair of GABAergic neurons is shown in Figure  6 A. Again, it is obvious that the neuron contacted by GFP-positive (BDNFϩ/ϩ) terminals had well developed dendrites (right), whereas that contacted by GFPnegative axons (BDNFϪ/Ϫ) had relatively poor dendrites (left).
To quantify this finding, we calculated three parameters of dendritic morphology of each neuron (Fig. 7) . The mean total length of dendrites of 14 GABAergic neurons that were contacted by GFP-positive axons (BDNFϩ/ϩ) and that of other 12 GABAergic neurons that were contacted by GFP-negative axons (BDNFϪ/Ϫ) were 2376.7 Ϯ 225.5 m and 1345.2 Ϯ 152.9 m, respectively (Fig. 7A , left two columns). The difference between these two values was statistically significant ( p Ͻ 0.01; ANOVA). The mean numbers of dendritic branch points of the neurons contacted by GFPpositive and GFP-negative axons were 22.2 Ϯ 2.0 and 13.3 Ϯ 1.9, respectively (Fig. 7B, left two columns) . The difference between these two values was, again, significant ( p Ͻ 0.01; ANOVA). In contrast, the number of primary dendrites was not affected by presynapic BDNF (Fig. 7C, left two columns) . The mean numbers of primary dendrites of the neurons contacted by GFPpositive and GFP-negative axons were 7.0 Ϯ 0.5 and 6.2 Ϯ 0.6, respectively. These results suggest that endogenous BDNF, which probably was supplied from presynaptic terminals, may promote branch formation of dendrites of postsynaptic GABAergic neurons.
To confirm that such an effect of contact with GFP-positive (BDNFϩ/ϩ), presynaptic terminals was induced by extracellularly released BDNF, we applied anti-BDNF antibody, which blocks function of BDNF, to chimera culture preparations. As shown in Figure 6 B (right), a GABAergic neuron cultured with anti-BDNF antibody had relatively poor dendrites even when it was contacted by GFP-positive (BDNFϩ/ϩ) terminals. The complexity of their dendritic arborization seemed to be about the same as that of another GABAergic neuron that was contacted by GFP-negative axons (BDNFϪ/Ϫ) (Fig. 6 B, left) . This is seen in the quantitative analysis of the three parameters of dendrites (Fig.  7A-C, right two columns) . The mean total lengths of dendrites of the two groups of GABAergic neurons that were treated with anti-BDNF antibody were 1177.8 Ϯ 149.5 m and 1173.9 Ϯ 209.8 m, respectively (Fig. 7A , right two columns; n ϭ 8 and 9, respectively). The mean numbers of dendritic branch points of the two groups of neurons were 13.0 Ϯ 1.1 and 12.0 Ϯ 2.2, re- spectively (Fig. 7B, right two columns) . The mean numbers of primary dendrites of the two groups of neurons were 6.1 Ϯ 0.5 and 5.4 Ϯ 0.7, respectively (Fig. 7C, right two columns) . In any of these three parameters, there was no significant difference between the two groups of GABAergic neurons, to which anti-BDNF antibody was applied.
In this quantitative analysis, it is also seen that the total length of dendrites and the number of dendritic branch points of the GABAergic neurons that were contacted by GFP-negative afferents were not reduced by the treatment with the anti-BDNF antibody (Fig. 7 A, B , compare the third columns with the leftmost columns). There was no statistically significant difference (unpaired t test; p Ͼ 0.05) between these two columns in any of the three parameters (Fig. 7) .
No effect of presynaptic BDNF on dendritic growth of excitatory neurons Finally, we examined effects of presynaptic BDNF on the dendritic morphology of GAD65-negative neurons and found that the presence or absence of presynaptic BDNF is not related to dendritic growth of such excitatory neurons. Examples of GAD65-negative neurons are shown in Figure 8 . The GAD65 negativity was obvious, in particular, in their somata (Fig.  8 B, E, arrows) , although the neuron in Figure 8 B seemed to be surrounded by GAD65-positive puncta that were assumed to be GABAergic axon terminals. These neurons were judged as derived from BDNFϪ/Ϫ mice, because they were GFP negative (Fig. 8C,F ) . The seemingly yellow staining of some regions of the neuron shown in Figure 8F was because of GFPpositive presynaptic terminals, the soma of which was outside the frame of this picture. As seen in Figure 8A ,D, the extent of dendritic arborization of the BDNF-negative excitatory neuron contacted by a GFP-positive axon (BDNFϩ/ϩ) (Fig. 8D ) was about the same as that of the neuron contacted by a GFP-negative axon (BDNFϪ/Ϫ) (Fig. 8A) .
The dendritic morphology of these two groups of excitatory neurons that were derived from (BDNFϪ/Ϫ) mice was analyzed in the same way as in Figure 7 ( Fig.  8G-I ). The total length of dendrites of 17 excitatory neurons contacted by GFPpositive axons (1181.5 Ϯ 123.1 m) was not significantly (unpaired t test; p Ͼ 0.05) different from that of another 16 excitatory neurons contacted by GFP-negative axons (998.1 Ϯ 120.0 m) (Fig. 8G) . The mean numbers of dendritic branch points (11.1 Ϯ 1.6) and primary dendrites (4.6 Ϯ 0.3) of the excitatory neurons with GFPpositive axons were not significantly different from those of the neurons with GFP-negative axons (10.1 Ϯ 1.5 and 4.9 Ϯ 0.5, respectively) ( Fig. 8 H, I ) (unpaired t test; p Ͼ 0.05). Thus, the presence or absence of presynaptic BDNF had no effects on dendritic development of postsynaptic, excitatory neurons. The arrow shows the cell body. F, Superposition of GFP images (green) and synaptotagmin images (red) of the same frame as D and E. Because both the presynaptic and postsynaptic neurons were GFP negative, there was no green signal. Scale bar: (in A), 10 m. Gorba and Wahle, 1999) . In the present study, we have found that such GABAergic neurons had a clear signal of the existence of BDNF in their cell bodies. This BDNF is judged to have been transferred from presynaptic GFP-positive axons that contain endogenous BDNF, because only the GABAergic neurons that were contacted by GFP-positive axon terminals had significant signals, but those that were not contacted by such terminals had not. A previous report also suggested that interneurons could incorporate BDNF that might be released from pyramidal cells in rat hippocampus (Schmidt-Kastner et al., 1996) . However, they did not show that their interneurons were GABAergic and also did not provide direct evidence that BDNF was actually transferred to those neurons from pyramidal neurons.
Discussion
The present study further indicates that BDNF that has been transferred in such a way promotes dendritic development of GABAergic neurons, because the neurons contacted by GFPpositive axon terminals had well developed dendrites, but those not contacted by such terminals had relatively poor dendrites. The better development of dendrites of the former neurons is thought to result from intercellularly transferred BDNF, because anti-BDNF antibody that was applied through the culture medium and, thus, expected to neutralize BDNF in the extracellular space blocked such a proliferous action.
There is a possibility that GABAergic neurons might receive BDNF through their axons from GFP-positive, postsynaptic neurons and such target-derived BDNF might exert the proliferous action, because BDNF is known to be transported also retrogradely from postsynaptic neurons to presynaptic axon terminals (Causing et al., 1997; Marty et al., 1997; Watson et al., 1999) . This possibility seems unlikely, however, for two reasons. First, in the present study, none of the GABAergic neurons that did not receive GFP-positive afferents but sent their axons to other GFPpositive, excitatory neurons had detectable BDNF signal in their cell bodies. If endogenous BDNF is transferred in the retrograde direction, we should have detected BDNF signal in such GABAergic neurons. Second, if target-derived BDNF has some effects on GABAergic neurons, the functional block of released BDNF by the anti-BDNF antibody should have affected dendritic development of the GABAergic neurons that were contacted by GFPnegative terminals. The results shown in Figure 7 indicate, however, that the application of the antibody did not exert significant actions on the dendritic development of this group of GABAergic neurons ( Fig. 7A-C , compare the third with leftmost columns).
In the present chimera culture preparations, the densities of GFP/BDNF-positive and -negative neurons were different. If the density of the former neurons was higher than that of the latter neurons, the number of GFP/BDNF-positive terminals might have exceeded that of GFP/BDNF-negative terminals. Consequently, GABAergic neurons that were contacted by the former terminals might have developed their dendrites better simply because of the greater number of contacts, irrespectively of BDNF transfer. To minimize this possibility, we set the ratio of the density of GFP/BDNF-positive and -negative cells at 1:20 -40. In this condition, the number of GFP/BDNF-positive terminals was much less than that of negative terminals. Nevertheless, GFP/ BDNF-positive terminals exerted the promoting action on dendritic growth of postsynaptic GABAergic neurons. Therefore, the possibility mentioned above seems unlikely in the present preparations.
Because GABAergic neurons do not have mRNA of BDNF as mentioned previously, the transfer of BDNF from excitatory neurons may be crucial for development of dendritic arborization of GABAergic neurons. In visual cortex in vivo, it is known that most, if not all, GABAergic neurons are contacted by axons of pyramidal neurons (Kisvarday, 1992; Johnson and Burkhalter, 1996) . Also, it is well established that neocortical pyramidal neurons express BDNF (Yan et al., 1997; Friedman et al., 1998) . Thus, it seems reasonable to assume that endogenous BDNF released from pyramidal cell axons acts on GABAergic neurons in visual cortex in vivo. However, previous studies in hippocampal neurons suggested that BDNF transferred retrogradely from excitatory neurons to GABAergic neurons may promote growth of the latter neurons (Marty et al., 1996 (Marty et al., , 1997 . The present results have demonstrated, however, that the anterograde transfer of BDNF from excitatory neurons to GABAergic neurons plays such a role, although we cannot exclude any retrograde transfer. Anterogradely transferred BDNF, then, may activate the local protein synthesis that leads to growth of dendrites of postsynaptic neurons, as suggested (Aakalu et al., 2001; Takei et al., 2001) .
In excitatory neurons, the transcellular transfer of BDNF seems to be not so important in the development of their dendrites, because the dendritic development was not correlated with the existence of presynaptic BDNF. This raises a possibility that the expression of functionally active or inactive BDNF receptors such as fulllength and truncated TrkB in excitatory neurons might be different from that of inhibitory neurons. To our knowledge, there was no study in which the two types of receptors were differentially stained, except for a study in which full-length TrkB and pan TrkB including truncated type were differentially stained in the hippocampal formation of adult rats (Drake et al., 1999) . In this study, no marked difference was reported in localization of immunoreactivity between full-length and pan TrkBs, although the intensity of reactivity was different at various subcellular sites. Thus, a reason why transferred BDNF was less important in dendritic development of excitatory neurons is not clear in the present study. Because excitatory neurons can produce BDNF by themselves, however, it is to be noted that endogenous BDNF may act on this type of neurons, in part at least, through an autocrine loop, as suggested previously (Kokaia et al., 1993; Miranda et al., 1993; Horch et al., 1999) . From the present results, it is possible to suggest that the different actions of BDNF on excitatory and inhibitory synapses that were reported previously (Rutherford et al., 1998; Schinder et al., 2000) may be executed through the distinct pathways (i.e., anterograde, transsynaptic route to GABAergic neurons and autocrine route to glutamatergic neurons).
Because the release and transcellular transfer of BDNF are known to depend on neuronal activity (Goodman et al., 1996; Balkowiec and Katz, 2000; Hartmann et al., 2001; Kohara et al., 2001; Kojima et al., 2001; Lever et al., 2001; Gartner and Staiger, 2002) , the transfer of BDNF to GABAergic neurons is assumed to be activity dependent. It is suggested that maturation of GABAergic neurons regulates the beginning of the critical period during which visual cortical neurons are highly sensitive to an alteration in inputs (Hensch et al., 1998) . Furthermore, an overexpression of BDNF induces a precocious critical period in mouse visual cortex probably through its action on GABAergic neurons (Hanover et al., 1999; Huang et al., 1999 ). Thus, it is possible to suggest that the activity-dependent transfer of endogenous BDNF to GABAergic neurons may promote their maturation so as to play a role in the onset of the critical period of the developing visual cortex.
It was reported that another neurotrophin, NT-3, abolished the growth-promoting effect of BDNF on pyramidal neurons in slice culture preparations of visual cortex of young ferrets (McAllister et al., 1997) . A question of whether NT-3 and BDNF have such an antagonist action also on GABAergic neurons should be addressed in a future study. Finally, it is to be noted that chimera culture preparations of neurons derived from different kinds of transgenic mice are a useful tool to elucidate the functional significance of a given bioactive molecule. Although conditional knock-out systems using Cre-loxP and specific promoter have been developed to reveal the local functions of target proteins (Tsien et al., 1996; Minichiello et al., 1999; Xu et al., 2000a,b; Iwasato et al., 2000) , it is difficult to delete them from particular synapses of given neuronal circuits. In chimera cultures of neurons, in contrast, it is easy to make neuronal circuits in which particular molecules are lacking in visually identifiable circuits. In fact, we have successfully demonstrated that dendritic development of inhibitory cortical neurons is regulated by presynaptic BDNF.
